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h the e�ectiveness of sensor placement in damage detec-
tion. The results demonstrate the high e�ciency of the
proposed method for detecting the location and sever-
ity of joint damage, considering noise e�ects. Besides,
an inappropriate location of sensors causes some errors

in damage detection procedure, and the method cannot
easily identify the damage.
Key Words: Damage detection, beam to column con-
nection, time domain response, di�erential evolution algo-
rithm.
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Abstract
Waste stabilization ponds have been extensively used in
the world for wastewater treatment. Due to their low
cost and simplicity of operation and maintenance, sta-
bilization ponds predominate among the small wastew-
ater treatment systems. The low TSS removal e�ciency
of wastewater stabilization ponds is mainly due to the
growth of algae in the maturation ponds. Aquatic plants,
such as duckweed, can be successfully used to control al-
gae in wastewaters. Consequently, the use of a modi�ed
type of waste stabilization ponds with a 
oating layer of
duckweed on the surface has received growing attention.
Duckweed is a 
oating aquatic plant within the family
Lamnaceae that can easily be harvested, providing a po-
tential economic resource as a dietary supplement and
nutrient source for livestock. The major mechanism of
duckweed plants in the reduction of algal growth is cov-
ering the wastewater surface to reduce light penetration.
Accordingly, duckweed plants were used in this study.
Wastewater e�uent collected from maturation pond of
Bushehr stabilization pond system was used to evaluate
the duckweed plants' e�ciency in improving the e�u-
ent quality, especially control of algal growth, in a �eld
pilot. The pilot system including two ponds, the duck-
weed (Lemna gibba L.) inoculated treatment pond and
the control one, was constructed under local outdoor
natural conditions. Each pond had dimensions of 3m
length, 0.5 m width, and 0.5 m depth. The system oper-
ated in a continuous mode with a residence time of 15,
10, and 5 days and TSS, COD, pH, EC, NO�3 , PO3�

4 ;
total and fecal coliform was measured. The removal ef-
�ciency of duckweed pond was 64%-90% for TSS, 46%-
56% for COD, 41%-51% for NO�3 , 58%-71% for PO3�

4 ,
97.2%-98.7% for total coliform, and 95.9%-99.2% for fe-
cal coliform. The results show that duckweed plants
were able to considerably improve the e�uent quality,
especially for TSS removal.

Key Words: Stabilization pond, wastewater treatment,
duckweed, algae.
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Abstract
Damage occurrence in all structural systems and their
critical components is inevitable during their lifetime.
Damage detection in structures is necessary for struc-
tural health monitoring, which can increase the safety.
If the damage is identi�able in a way, damaged elements
can be repaired or replaced and it can prevent the over-
all failure of the structure. Most of the damage identi-
�cation methods are concentrated on detecting damage
in structural members without considering damage at
their connections that most have been seen. Beam to
column connections of moment frames play an impor-
tant role in their performance, because the performance
of the structure mainly depends on the sti�ness of the
connections. Joint damage will change the sti�ness of
the structure, mass, and damping leading to a change
in dynamic responses, such as displacement and accel-
eration. This principle can be used as a way to detect
damage in connections. In this article, an optimization-
based method for joint damage identi�cation of moment
frames subjected to an impact load is introduced. Spring
model based connection simulation is used with 
exi-
ble elements (springs), and converts the rigid joint to
the semi-rigid one. Firstly, the beam-to-column connec-
tion in a steel moment frame structure is modeled by a
zero length rotational spring at the end of the beam ele-
ment. For each connection, an end-�xity factor is speci-
�ed. This parameter has a zero value for a theoretically-
pinned joint and a value of one for the theoretically-rigid
one. The damage severity in any connection was de-
�ned as the reduction of the end �xity factor. Then, the
problem of joint damage detection is transformed into a
standard optimization problem. An objective function
is de�ned using the acceleration of damaged structure
and that of an analytical model obtained via the New-
mark procedure. The optimization problem is solved by
an improved di�erential evolution algorithm (IDEA) for
determining the location and severity of the joint dam-
age. Two numerical examples are considered to assess
the performance of the proposed method and to check
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h satis�ed plane strain conditions along void axes. For
this purpose, poorly graded silica sand (SP) was used
for the soil strata in the model tank and a thin plate of
aluminum which coated with thin sand layer, was used
to represent soil reinforcement. Performance of soil re-
inforcement was studied through the development of 15
di�erent models. These models loaded sequentially by
void air pressure reduction. Void air pressure and soil
settlement at failure point, and also soil settlement after
void collapse were measured to assess the performance
of these models.
Experimental results indicated that the performance of
reinforced soil was improved when the depth of reinforce-
ment placement increased from the soil surface and the
number of reinforced layers were added. The number
of reinforcement layers that would improve the perfor-
mance considerably was limited to a certain number (i.e.
two layers in this study). Finally, the results indicated
that using reinforcement with more width around the
void area would improve soil stability in the model, but
this improvement can only be signi�cant under a certain
reinforcement width to void diameter ratio (i.e. three
times of the void diameter in this study).

Key Words: Soil reinforcement, underground void, ex-
perimental study, settlement.
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Abstract
The waste tire is one of the fastest growing industries
in the world, as recycling them have become one of the

major challenges worldwide. Successful use of waste rub-
ber as rubber-soil mixture (RSM) in improving the soil
properties is ensured in a given geotechnical application
when appropriately used. The present study provides
an approach for the use of granular rubber as rubber-
soil mixture layer in soil back�ll. The behavior of soil
alone and reinforced soil by one layer of RSM was inves-
tigated by standard CBR apparatus with load rate of
1.27 mm/min on samples. The rubber used in the RSM
layer was granulated rubber, produced from waste tires.
Four sizes of rubber particles of 1.26, 2, 2.83, 4.76 mm,
four rubber contents of 2.5, 5, 7.5, and 10% and three
surcharges of 0, 2 and 4 kg were used. The provision of
RSM layer might reduce the penetration of loading plate
and increase CBR value. The results of the tests depict
that the bearing capacity increases up to 75% by using
the optimum rubber content of 7.5% in the RSM layer.
Also the e�ect of RSM layer thickness of 1, 1.5, 2 and
3 cm on the behavior of sample was investigated. The
results show that using the soil layer of 1.5 cm over RSM
layer increases the bearing capacity of sample, especially
for penetration of less than 5 mm. Overall; the results
of tests demonstrate that the inclusion of waste granu-
lar rubber in soil with appropriate rubber size, rubber
content and soil layer over RSM laye could improve the
strength and deformation behavior of road beds substan-
tially. On the basis of the study, the concept of using
rubber-soil mixture layer not only improve the perfor-
mance of shallow footings, embankment and road con-
struction, but also, the environmental impacts of waste
tires are attenuated by using as composite materials in
civil works.

Key Words: Granular rubber, penetration, surcharge,
rubber content, rubber size, top soil layer.
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Abstract
Nowadays, numerical methods are known to be e�ective
solutions to scienti�c problems. The most popular nu-
merical methods include �nite di�erence method, �nite
volume method, �nite point method, and the �nite ele-
ment method. The standard �nite element method may
go through di�culty with highly-curved boundaries, and
it lacks enough accuracy. In this method, another chal-
lenge is to generate �nite element mesh by proper num-
bers, types, and orders of elements. Aimed at decreasing
the computational costs of discretization and increasing
the solution accuracy, a suitable solution is of great im-
portance in this method. This paper presents a method
to improve the meshes and accuracy of solutions regard-
ing elasticity problems. In this paper, two techniques of
h-re�nement and h-enrichment are used by interpolation
cover functions. Initially, regions exceeding the value of
allowable error are detected. Mesh improvement is done
through h-re�nement for the elements existing in those
regions. The total error of the domain is, thus, reduced
and limited to the allowable range. To increase the ac-
curacy of solutions to an excellent level, the results of
mesh re�nement are reassessed in the next step, and the
nodes exceeding the value of allowable error are deter-
mined. The method proposed here improves the region
by interpolation cover functions and yields solutions of
appropriate accuracy. The advantages of the proposed
method include standard norm and its error determina-
tion, adaptive mesh generation, its validation for many
2D elasticity problems with extreme complexity within
their domains, and automatic performance in both steps
of h-re�nement and determining the order of cover en-
richment functions. This method can considerably re-
duce the computational attempts and properly enhance

the accuracy of analytical results. This paper attempts
to use fewer elements at the beginning and, then, intro-
duces an individual generated indicator to determine the
order of cover enrichment functions. In fact, it aims to
suggest a method for automatic re�nement in 2D prob-
lems. A comparison of solutions achieved by the pro-
posed method with those of other approaches as well
as the exact solutions for linear elasticity examples im-
plies acceptable e�ciency and accuracy of the proposed
method.

Key Words: Mesh re�nement, enriched �nite elements,
mesh generation, interpolation cover functions, adaptive
analysis.
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Abstract
Underground voids can cause many problems and dan-
gers to the structures in urban areas and this issue can
be intensi�ed with time. These voids are made naturally
or arti�cially and may be situated near or underneath of
structures. Since shallow voids are located near to the
ground surface, their impact can be extended to ground
level and cause signi�cant ground settlements or collapse
of the voids. Soil reinforcement is currently utilized in
the form of physical stabilization over the void crowns.
The purpose of this research is to experimentally inves-
tigate the impacts of soil reinforcement arrangement on
the performance of soil embankment and void stability.
Therefore, a physical model designed with void diam-
eter equal to 20cm and the scale of 1:50. The model
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h footing with anchor) are impractical owing to the ne-
cessity of thick base plates and numerous anchor rods.
The bolts are cast into the concrete base in location
tubes or cones and �t anchor plates to prevent pullout.
High-strength grout is poured into the space below the
plate. Column base connections are one of the most crit-
ical structural connections. Understanding the behavior
and performance of these connections come in handy
for designing this type of connections, especially in the
seismic design of the structures. Such column bases are
often only subject to axial compression and shear. How-
ever, uplift and horizontal shear may be a design case
for column bases in braced bays. The way in which hor-
izontal shear forces are transferred to the foundation is
not well researched. Some designers check the resistance
of the holding down bolts, and ensure that they are ade-
quately grouted. This practice has been successfully fol-
lowed for portal frame bases, which carry a signi�cant
shear. In column base connection, it can be said that the
rotational sti�ness is the only feature that links uncer-
tainty in column base connection to structures such that
a change in them can change rotational sti�ness and, as
a result, change the dynamic characteristics and seismic
response of structures. In the present study, by con-
sidering the sensitivity mentioned above, the e�ects of
rotational sti�ness and the strength capacity of column
base connection on behavior and seismic performance
of steel moment frame have been evaluated by Modal
Pushover Analysis (MPA) and Nonlinear Dynamic Anal-
ysis (NLDA) methods. The results show that the rota-
tional sti�ness of the column base connection e�ects on
the dynamic properties of structures such as pushover
curve, story drift, and ductility as well as the analy-
sis of models together with di�erent rotational sti�ness
showed that structures in combination with semi-rigid
rotational sti�ness are much better in designs.

Key Words: Column base connection, rotational sti�-
ness, steel moment frame, MPA.
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Abstract
Dams failure by the over tapping from them is common
that have property and environmental damage. So, this
research scheduled for showing dam failure. For collect-
ing soil mechanic parameters and them e�ects on time
failure Used from experimental models such as down-
stream. Therefor in Laboratory were made earth dam
models with similar downstream and upstream slopes
that slops were 1:1 and 1:2 slop in down and upstream
dam. For embanked models used three types of soil
which one model constructed S soil and two models from
SC soil). Six earths dam's models were made in glass

ume. Soils used had 1.05, 0.51 and 0.07millimeter di-
ameter average and respectively angle internal friction
were 14, 18 and 23. Experiments were done with putting
up head water in pound with maximum level. Score pro-
�les were depicted while water passes was started in step
of time. Accordingly, height and width of score gap de-
termined with point gage and laser meter in time steps.
In �rst model with coarse-grain soil showed that gap
width of score was stable in passing time but height of
gap is formed to waterfall which this height was changed
accelerate. In this case score model was depth. Addi-
tional, in second model that prepared with 25 percent
core soil (adhesive soil) and 75 percent �ne soil (non-
adhesive soil). During the time width gap was increased
because energy lost from hydraulic jumps below slop
couldn't overcame top of dam's models so score pro�le
showed that water fall with high was formed 
oor of slop.
This waterfall until dam failure was stable. Finally. By
considering Mechanic Soil Parameter in Coulomb ten-
sion behaviors of dams was analyzed. Also, in third
model that prepared with 50 percent core soil (adhe-
sive soil) and 50 percent �ne soil (non-adhesive soil) di-
agrams of score was depicted. In this model during the
time score gap width was increased but in gap height
was formed with several waterfalls. Height of waterfalls
were less height from second model. This case was e�ect
on dam failure. Generally, with increases average diam-
eter and angle internal friction e�ect on decrease time
failure and made increase. In addition, mount of score
in models was calculated and was investigated.

Key Words: Failure earth dam, score, angle internal
friction, downstream slop.
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hof the construction technology, this improvement tech-
nique can be considered as a practical method for im-
provement of strength behavior of clay in many �elds of
geotechnical engineering.

Key Words: Clay, shear strength, consolidation, nano-
silica, soil improvement.
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Abstract
The strength and sti�ness of an eccentrically braced
frame (EBF) can be similar to a concentrically braced
frame, while simultaneously its energy dissipation capac-
ity can be same as a moment resisting frame. In EBF,
strength and sti�ness are provided by braces and ductil-
ity and energy dissipation by link. Therefore, link beam
is one of the most important key factor in the seismically
response of EBF. In the strong earthquake, link beam is
passed into the plastic zone and causes the other frame
components remain elastic. In general, behavior of EBF
is dependent on the link member design. Therefore it
must be ductile enough to dissipate energy and prevent
the collapse of frame. The link member is reinforced
with sti�eners. The sti�eners delay local buckling of

ange and increase cyclic ductility of the beam. Exist-
ing provisions for sti�eners design are developed based
on short link beam behavior (shear behavior), and there
are used for intermediate and long link beams regardless
of bending considerations related to these types of link
beams. In this paper, e�ects of geometrical properties of

sti�eners and also link beam section are investigated for
long, intermediate and short link beams. For this pur-
pose, 25 link beams with di�erent sections and lengths
are simulated under static cyclic load by �nite element
software ABAQUS based on AISC seismic provisions.
As a result, e�ects of di�erent geometrical properties
are discussed and suggestions for improving the energy
dissipation of link presented. The results show that sti�-
eners tend to move towards the ends in the intermediate
link beam and one of the sti�ener can be removed in the
short link beam. The sti�ener thickness can not have a
signi�cant impact on the seismic response of link beam,
while the e�cient arrangement of sti�eners depend on
the ratio of width to depth of beam section in long and
intermediate link beams.

Key Words: Eccentrically braced frame, link beam,
static cyclic loading, material failure index, dissipated en-
ergy.
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Abstract
Column base connections are commonly used to connect
steel columns to concrete foundations in seismically de-
signed Steel Moment Resisting Frames (SMRFs). These
connections are economical for mid-to high-rise frames
in which exposed base plate connections (a�xed to the
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Abstract
Due to the procedure of increasing in axial load and
speed on the existing railway tracks, need of improve-
ment will be felt over the embankment. In this regard,
one of the techniques is the use of geocell in the pro-
cess of upgrading rail tracks. Therefore determination
of the number of geocell's layers and alignment of their
positions has a key role in this issue. Since in
uence
of the number of layers and geocell's speci�cations on
stability control and railway embankments' settlement
are not speci�cally discussed in the technical literature,
in this paper, by construction and loading of six em-
bankments with m height in laboratory scale of , the
in
uence of the number of geocell's layers with aperture
size of 5�5 cm and height of 5 cm is studied on the sta-
bility of railway embankments. Modulus of elasticity of
geocell by implementation of laboratory tensile test was
obtained 70 MPa. Crown width and height of embank-
ment in laboratory scale of 1:20, was considered 23 cm &
50 cm with slope of 1:1 respectively. After construction
of separated embankments with adjusting one layer, af-
ter that two layers, until �ve layers, an increasing mono-
tonic load with speed of 1.5 mm/min over embankment's
crown until failure was applied. The results showed that
the bearing capacity and control settlement of embank-
ments was proportional to the number of geocell layers,
as this process would increase until the four layers geo-
cell, rather than decreased in the �fth layers. Bearing &
settlement with four layers of geocell than embankment
without any geocell had an increasing of 86.6% and a de-
creasing of 37% over embankment's crown, respectively.
In all tests circular sliding surface was super�cial & cut-
ted the embankment at the top of slope that result in
horizontal cracks at the levels of �rst & second layers
over the embankment's slope.

Key Words: Geocell, railway embankment, stability of
embankments, settlement control, bearing increase, labo-
ratory model.
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Abstract
Nowadays, improving problematic soils is considered as
one of the geotechnical engineering challenges. Since the
problematic soils have a secondary origin that are the
results of chemical weathering, they have a wide range
of dispersive characteristics. One of these types of soils
is clay that causes many problems in the engineering
project. These problems are related to their speci�ca-
tions, such as week strength, settlement, and dispersivity
problems. One of the treatment methods of the men-
tioned problems is chemical soil stabilization. In this
study, by adding nano-silica to a kind of clay in the city
of Karaj (west of Tehran), the strength behavior of this
type of soil was investigated. For this purpose, having
conducted index and identi�cation tests on the natural
soil, we added nano-silica to the studied soil with 0.5, 1,
2, 3, 4, and 5 percent. Then, the direct shear, uncon-
�ned compressive strength, and consolidation tests were
conducted on these soils. Moreover, imaging was cap-
tured by scanning electron microscopy (SEM) to evalu-
ate and compare the textural features of the soil, before
and after the stabilization process. The results show
that adding nano-silica up to 2 percent leads to uniaxial
compression strength enhancement, the shear strength
parameters (including cohesion and internal friction an-
gle), and reduction of the compressibility and swelling
coe�cients of the studied soil. In this study, it is clearly
indicated that the technique of soil stabilized with nano-
silica is a very e�ective method of ground improvement,
which improves the shear strength, the uncon�ned com-
pression strength, and the consolidation parameters of
soil; consequently, it enhances the stability of structures,
such as foundation and roadbed. With the development
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hmeasurement of the scour hole would lead to more prop-
erly designed pier foundation. In this study, by using
laboratory equipment and �eld observation, evaluation
of 
ow pattern in sharp bend with rigid bed and series of
triplex bridge piers that are perpendicular on direction
of 
ow proceeds. In order to measure three dimensional
components of velocity, an ADV velocimeter was used.
The Flume has width and curvature angle equal to 1m
and 180 degree respectively. The ratio of the central ra-
dius by channel width is 2 so the 
ume belongs to Sharp
bend group. In order to the creation of rough bed aggre-
gates with an average diameter of 1.5 mm were gluing
to the bed of the 
ume. Note that 
ow condition such
as depth and discharge was chosen so that if an exper-
iment is performed with live bed, the condition would
be close to motion threshold. In this study, a series of
the perpendicular pier were used at the position of 90
degrees and in direction of perpendicular on 
ow. This
study has proceeded to the analysis of how formation
of vortexes, content of length and width of channelized
zone, dimensions of created vortexes at piers upstream
and downstream, and the position of maximum velocity
in various levels toward 
oor in plan. The most impor-
tant results are that e�ecting zone of piers on separation
zone of streamlines from each other in the longitudinal
direction is 1.4 pier diameter to the upstream and 3.5
pier diameter to the downstream. Also in direction of
perpendicular on 
ow, it is approximate 1.4 pier diame-
ter to the inner bank of the �rst pier and 1 pier diameter
to the outer bank of the third pier. The detailed discus-
sion and conclusion of this study are presented in the
main text of the paper.

Key Words: Flow pattern, triplex bridge piers, 180
degree bend, three-dimensional velocity, rigid bed.
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Abstract
Recently, with progress in earthquake engineering and
design of structures, the performance-based seismic de-
sign is becoming more popular. However, �nding the
optimum structure that satis�es the performance lim-
itation of this method is a hard task. In this study,
the applicability of endurance time method in optimal
performance-based design is evaluated using uniform de-
formation theory. First, shear building structures are
optimized for a set of records, representing a speci�ed
seismic hazard level using time-history analysis and uni-
form deformation theory. This is done for a di�erent
number of stories ranging from 5 to 15. In addition, dif-
ferent target ductilities are used for uniform deformation
procedure ranging from 1 to 8. Sets of ground motions
used in this study are obtained from the SAC project
and represent di�erent seismic hazard levels. The re-
sults show that the optimized structure for a speci�c
seismic hazard level does not necessarily show appropri-
ate performance at other seismic hazard levels.
However, the performance of optimized structures for
another set of ground motions with the same seismic haz-
ard level is satisfactory. Consequently, using a try-and-
error process, the structure's performance is improved
to a certain extent; however, it is not yet ideal and
also the sti�ness of the structure increases. This pro-
cess is time-consuming and insu�cient for engineering
application. Therefore, endurance time method is uti-
lized to �nd optimal structures with a proper perfor-
mance at di�erent seismic hazard levels. ETA40g accel-
eration functions are used since they are more compat-
ible with the ground motions used before. The results
of endurance time method are compared with those ob-
tained for ground motions. It is shown that the results
of endurance time analysis are consistent with those ob-
tained from time history analysis of the set of records.
Distribution of story shears and deformations are com-
patible in two methods. Finally, an e�ective technique
is presented in which the structural performance is si-
multaneously improved at all seismic hazard levels.

Key Words: Endurance time method, performance-
based seismic design, seismic hazard levels, shear building,
uniform deformation theory.

LABORATORY INVESTIGATION OF
INFLUENCE OF GEOCELL ON THE
STABILITY OF RAILWAY
EMBANKMENTS
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h of wave propagation as well as accelerograph frequency
content signi�cantly a�ects the responses and amounts
of strain in soils whose speed in hard soils with higher
wave propagation is less than that of looser soil with
lesser wave propagation.

Key Words: Steel pipeline, time history analyses, asyn-
chronous analyses, vibration frequency, longitudinal wave
propagation.
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Abstract
In order to calculate the accurate prediction of 
uid pres-
sure in the reservoir and hydrocarbon's reservoir's sim-
ulation, numerical methods were developed. Di�erent
numerical methods, including �nite di�erence method
(FDM), �nite element method (FEM), boundary ele-
ment method (BEM), and �nite volume method (FVM),
were used to solve various engineering problems. How-
ever, using these approximate numerical methods, the
problem formulation becomes more complicated, and
considerable computational e�ort is required to obtain
acceptable solutions. To this end, researchers are always
looking for more e�cient and accurate numerical meth-
ods to increase the ability of numerical modeling. In this
research, the development of the Di�erential Quadrature
Method (DQM) in the �elds of numerical simulation of
hydrocarbon reservoirs and 
uid 
ow in porous media is
studied. DQM is a numerical method to solve nonlin-
ear partial di�erential equations developed in the 1970s
based on the integral quadrature. In the DQM model,

partial derivatives of a function in one coordinate di-
rection are set to the linear sum of weighted values of
the function at all points along that direction. DQM
has a simple formulation, low computational cost, and
high accuracy with respect to other conventional nu-
merical methods, employed frequently in various engi-
neering �elds. Fluid motion in a porous hydrocarbon
reservoir is governed by partial di�erential equations.
Several numerical methods have been used so far to
solve these equations. In this study, di�erential quadra-
ture method is used to solve the governing equations.
For this purpose, several di�erent 
ow simulations in a
porous hydrocarbon's reservoir (including one-and-two-
dimensional problems, compressible and incompressible
stones, etc.) are considered. The obtained results and
their degree of accuracy are compared with the already
available analytical and numerical data found in the lit-
erature, and on that basis, it is concluded that DQM
generates accurate results, is very easy to formulate and
operate, does not need large mesh size, and is very time-
e�cient.

Key Words: Numerical simulation, hydrocarbon's reser-
voirs, di�erential quadrature method, porous media.
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Abstract
Bridge piers are highly susceptible and sensitive to scour-
ing e�ects, so careful determination of scour depth and
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Abstract
The buried oil and gas pipeline is one of the most vulner-
able infrastructures. Underground structures are among
the most vital infrastructures, which include a variety of
tunnels, subway lines, gas, oil, and water pipe. The

analysis and design of gas and oil pipelines are of im-
portance, because they are long and go through lands
with various characteristics and that they are laid be-
side the faults and sometimes cross the faults. Vari-
ous studies have already investigated the design process
and the damages imposed on the pipelines crossing the
faults. Moreover, plenty of studies have been devoted
to the investigation of the e�ect of wave propagation
method on the seismic behavior of steel pipelines. Un-
derground structures are entitled to particular analytical
conditions due to their length and continuity. Further-
more, their design and implementation are of utmost
importance due to the high and strategic costs of repair
and the threats and damages to the people's lives after
the earthquake. This paper focuses on the three dimen-
sional modeling of transmission pipelines with the length
of 1000 meters, in a way that the e�ect of boundary
conditions on the responses is insigni�cant. Nonlinear
springs were employed to model the soil, considering the
ASCE equations as well as taking soil-pipe slippage into
consideration. This paper also aims to investigate the
e�ect of (longitude) P-wave propagation on the amount
of strain belonging to steel pipeline made of x60. To this
end, MATLAB and ABAQUS software was used to carry
out numerical analysis. The results show that the speed
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